BACkgrouND: Stenotrophomonas maltophilia has emerged as a significant nosocomial pathogen with increasing resistance to trimethoprim/sulphamethoxazole (TMP/SMX), the current drug of choice for treatment. oBJeCtIveS: To describe the microbiological and clinical characteristics of S maltophilia bloodstream infections (BSIs) over an 11-year period at a tertiary care centre in Canada. MethoDS: All adult S maltophilia BSIs from 1999 to 2009 in a 750-bed tertiary care teaching hospital (University of Alberta Hospital, Edmonton, Alberta) were identified through the infection control nosocomial infection surveillance program. Demographic and clinical data were extracted from the infection control database and from patient charts. Microbiological data were confirmed through the laboratory information system. reSultS: Twenty-five episodes of S maltophilia BSI (0.9% of all BSIs) involving 24 patients were identified between 1999 and 2009. The patient age range was 18 to 83 years (average 45.7 years). The majority were men (14 of 24 [58.3%]). The mean length of hospital stay was 83.3 days (range eight to 310 days). The rate of S maltophilia BSIs per 1000 admissions ranged from 0.04 to 0.22 (average 0.09). Greater than one-half of the episodes (13 of 25 [52%]) were admitted to the intensive care unit before BSI onset. Laboratory data were available for 24 of the 25 isolates. Polymicrobial infections were present in 11 of 24 (45.8%) patients. Resistance to TMP/SMX occurred in 8.3% of all infections. Fifteen per cent of isolates were resistant to ticarcillin/ clavulanate. Mortality attributed to bacteremia was 16.7%. CoNCluSIoNS: In the University of Alberta Hospital, the rate of S maltophilia BSI remains low and constant, and TMP/SMX remains the drug of choice for treatment.
S tenotrophomonas maltophilia has emerged as a significant opportunistic pathogen in hospital settings. Although it is not considered part of the normal microbial flora of humans, it can form part of the transitory colonizers of hospitalized patients, which commonly colonize the respiratory and gastrointestinal tracts (1) . The intrinsic resistance of S maltophilia to many antimicrobials and commonly used disinfectants makes its eradication from aquatic and humid hospital environments challenging. Current literature suggests an increasing rate of S maltophilia nosocomial infections (2), as well as increasing resistance to trimethoprim/sulphamethoxazole (TMP/SMX) (1,3), the current drug of choice for treatment. There are few data in the literature describing the Canadian experience with this pathogen and few studies investigating the hospital-wide incidence of S maltophilia bloodstream infections (BSIs).
The aim of the present study was to describe the microbiological and clinical characteristics of S maltophilia BSIs over an 11-year period at the University of Alberta Hospital (UAH) in Edmonton, Alberta.
MethoDS
All adults (≥17 years of age) with S maltophilia BSIs from January 1999 to December 2009 were identified through the UAH infection control nosocomial infection surveillance program. The UAH is a 750-bed tertiary care teaching hospital serving the population of western and northern Canada and treating more than 700,000 patients annually. Demographic (age, sex, dates of admission and discharge, duration of admission) and clinical (dates of positives blood cultures, duration of S maltophilia bacteremia, comorbidities, admission to the intensive care units [ICUs] ) were extracted from the infection control database and from individual patient charts.
Microbiological data (isolates from other sites, susceptibility results, coisolated organisms) were confirmed through the laboratory information system. The identification of these isolates was performed by the hospital laboratory using various automated systems during the 11-year period including Vitek 1 (bioMérieux Inc, USA), the BD Phoenix (BD Diagnostics, USA) and Vitek 2 (bioMérieux Inc, USA) systems; the specific years over which these systems were used were not available. Susceptibility testing was initially performed using the Etest (bioMérieux SA, France). Only isolates from 2005 to 2009 were available for repeat susceptibility testing by Etest. The Clinical Laboratory Standards Institute (CLSI, M100-S20, Table 2B-4) breakpoints were used for susceptibility testing interpretation. These isolates were retested against TMP/SMX, ticarcillin/clavulanate and doxycycline. (14 of 25) of the episodes were considered to be primary BSIs; 86% (12 of 14) of these were central line associated (as defined by the National Hospital Surveillance Network [4] ). The remaining 44% (11 of 25) of episodes were secondary BSIs, the majority of which were secondary to lung infections (six of 11 [55%]); 36% were secondary to burns and gastrointestinal sources (18% for each), and 9% were secondary to urinary tract infections.
Fewer than than one-half of the episodes (12 of 25 [48%]) had an associated febrile response, with temperatures >38°C, to the bacteremic episodes.
The mean duration of hospitalization before development of an S maltophilia BSI was 40.5 days (range two to 211 days). One patient with two S maltophilia BSIs developed them on day 17 and day 211. The duration of bacteremia ranged from one to seven days with an average of 3.5 days (calculated from the date of the first positive blood culture to the date of the first negative blood culture). In greater than one-half of the episodes, patients were admitted to the ICU (13 of 25 [52%]) before BSI onset and all patients admitted to the ICU required mechanical ventilation. All of the patients were on antibiotics before developing an S maltophilia BSI, either for a previous infection or as empirical treatment for sepsis.
The . The three patients with no comorbidities were hospitalized due to severe trauma ( Table 1) .
The majority of S maltophilia BSIs were treated with TMP/SMX (20 of 25 [80%]). One episode was treated with gentamicin and four episodes were not treated ( Table 2) . Of the patients who were not treated, one was transferred to a subacute care facility before the blood culture became positive and, thus, may have been treated in the community; one was placed on compassionate care shortly after the blood cultures were drawn; one died before the blood cultures became positive; and one was deemed by the admitting service to be a contaminant. This patient cleared their bacteremia without antimicrobial treatment and experienced the second S maltophilia bacteremia six months later.
Laboratory data were available for 24 of the 25 isolates. The average number of positive blood cultures per episode was five (range one to eight). Polymicrobial infections were present in 11 of 24 (45.8%) episodes, with Enterococcus species and coagulase-negative staphylococci (four of 11 [36% each]) being the most frequently coisolated organisms. Klebsiella pneumoniae, Staphylococcus aureus, Pseudomonas aeruginosa, Bacteroides fragilis and Ochrobactrum anthropi were the other species isolated.
Susceptibility testing was performed for only two antimicrobials during this 11-year period, TMP/SMX and ticarcillin/clavulanate. Only two of 24 (8.33%) isolates (one in each of 2005 and 2006) were resistant to TMP/SMX. A total of six isolates were resistant to ticarcillin/ clavulanate; eight were intermediate and nine were susceptible. All isolates tested against minocycline (13 of 13) and tetracycline (six of six) were resistant to these drugs. Susceptibility testing of S maltophilia against doxycycline started in 2005 and five of the eight isolates were susceptible, one was intermediate and two were resistant. There were numerous different laboratory methodologies used for minimum inhibitory concentration (MIC) calculations and reporting during this 11-year period, thus, interpretation and assessment of MIC creep for TMP/SMX was not possible on retrospective review. On all repeat susceptibility testing of the nine isolates from 2005 to 2009, the MICs for the susceptible TMP/SMX isolates were 2.52 mg/L (Table 3) .
A review of the data revealed that 75% of the episodes resolved with the patients eventually being discharged. Mortality attributable to BSIs was 16.7% (four of 24), with a crude mortality of 25% (six of 24). All four patients who died due to sepsis had polymicrobial bacteremias. Polymicrobial infections had a mortality rate of 45.5% (five of 11) as opposed to monomicrobial infections (7.7% [one of 13]).
DISCuSSIoN
An increase in incidence of severe infections with S maltophilia has been reported in the literature (5, 6) . This is believed to be due to the increasing pool of susceptible patients being treated more aggressively for malignancies and connective tissue diseases, resulting in prolonged and profound immunosuppression, the increasing use of broad-spectrum β-lactam antibiotics and assisted ventilation. The isolation rate of S maltophilia BSI in Canada in 1999 was reported to be 0.6% (7) . Most studies of S maltophilia as an opportunistic nosocomial pathogen use select groups of patients (eg, hematology, ICU), with many studies combining colonization and infection. The present study encompassed all of the patient populations in the hospital with S maltophilia BSIs and indicates that the isolation rate at this centre has remained lower (0.05% to 0.1%) than the national rate reported in 1999. Contrary to the increasing trends reported in the literature, the trend at our institution has shown a decrease ( Figure 1 ). This was unexpected because our institution is one of the largest transplant centres in the country, which houses the largest cancer institute in the province, as well as four ICUs. There are, as a result, a large number of patients with complex medical problems requiring prolonged hospitalization and broad-spectrum antibiotics. The wide age range of patients included in the present study indicates that age, per se, is likely not a predisposing factor for development of S maltophilia infection. Garcia Paez and Costa (11) found duration of therapy with broad-spectrum antibiotics, central venous access devices, mechanical ventilation and severe neutropenia to be independent risk factors for Stenotrophomonas infection. In the present study, the majority of the patients were mechanically ventilated (52%), and the most common comorbidity was neutropenia (25% [six of 24]).
The majority (85%) of the primary BSIs were catheter related, similar to what was found in previous studies (3, 12, 13) . This is not surprising because S maltophilia is known to produce a diffusible signalling factor, which was shown to be responsible for the virulence factors of biofilm formation and resistance to heavy metals in vitro (14) and, as a result, S maltophilia can tolerate silver-lined catheters.
A slightly higher percentage of BSIs in the present study were polymicrobial (44% [11 of 25] ) compared with the 20% to 40% quoted in the literature (3). In contrast to other studies (6, 15) , polymicrobial infections were associated with a higher mortality rate (45.5% [five of 11]) when compared with monomicrobial infections (15.4% [two of 13] ). This may be indicative of the patients' critical state of illness and/or multiorgan failure. Garcia Paez and Costa (11) report hematological malignancies and ICU admission as independent risk factors associated with mortality in all S maltophilia infections. Mortality attributable to S maltophilia BSIs could not be established because all four of the patients who died of sepsis had polymicrobial infections. If all polymicrobial infection deaths were attributed to S maltophilia, the rate would be 16.7% (four of 24), which is lower than the reported rates of 20% to 25% (11) . All of these patients were in the ICU. Fifty per cent of the BSI-attributable deaths (two of four), as well as 50% (three of six) of all deaths occurred in patients with haematological malignancies.
Susceptibility testing of S maltophilia is difficult to interpret, making treatment decisions based on MICs problematic. The various bodies setting laboratory standards have different susceptibility testing standards, different drugs selected for testing and reporting, and different breakpoint interpretations. CLSI (16) provides testing standards for TMP/SMX, levofloxacin, minocycline, ticarcillin/ clavulanate and ceftazidime, whereas the European Committee on Antimicrobial Susceptibility Testing (17) considers S maltophilia to be intrinsically resistant to cephalosporins and the British Society for Antimicrobial Chemotherapy (18) only provides breakpoints for TMP/SMX. The laboratory at our centre uses CLSI susceptibility testing standards and breakpoints. Although resistance to TMP/SMX in the present study was above the 2% previously reported among Canadian isolates from 1997 to 1999 and above the average reported worldwide rate of 4.7% (1997 to 2003) (5, 19) , it is at the lower end of the reported range of 4% to 100% (5) ( Table 4) . Of note, none of the Canadian TMP/SMX resistant S maltophilia strains from the SENTRY study were isolated from the blood, indicating an increase in invasive infection with resistant strains. Our rate of ticarcillin/ clavulanate resistance is among the lowest reported in the literature and has remained constant since 1997. The MIC trends over the past five years have remained constant (Table 3) . The difference in MIC values for TMP/SMX obtained on repeat testing can be attributed to different calculation and reporting methodologies used by the laboratory on initial testing of the isolates and some observer difference owing to the complexity of reading TMP/SMX susceptibility tests.
To further complicate treatment, there is uncertainty of the clinical relevance of in vitro susceptibility tests owing to the lack of controlled trials (5), as shown by one of the study patients whose S maltophilia isolate tested resistant to TMP/SMX, but the bacteremia cleared with TMP/SMX therapy ( Table 2 ).
The present study has several limitations. Due to the small number of cases, the study was not powered to determine risk factors for development of S maltophilia infection. Second, it was a single-centre study at a tertiary care institution, precluding generalization of the data. The retrospective design of the present infection control surveillance and improvement study limited the authors to information legibly written in charts. Daily blood cultures were not drawn from all patients; thus, the duration of bacteremia may have been overestimated in some patients. The cause of mortality was not consistently documented and had to be inferred in some cases. BSI was considered to be the cause of death when the patient died within 24 h to 48 h of having a positive blood culture drawn, the vital signs recorded indicated sepsis, and there was no record of a negative blood culture before death.
CoNCluSIoNS
The rate of S maltophilia BSI at our centre remains low and constant. Patients developing S maltophilia BSIs are generally severely ill patients with prolonged hospital stays. The mortality in these patients is high. The MICs for TMP/SMX remain stable with low resistance rates compared with many other countries and it is still considered to be an acceptable first-line antimicrobial at our institution. 
